Irani BG, Le Foll C, Dunn-Meynell AA, Levin, BE. Ventromedial nucleus neurons are less sensitive to leptin excitation in rats bred to develop diet-induced obesity. Am J Physiol Regul Integr Comp Physiol 296: R521-R527, 2009. First published December 31, 2008 doi:10.1152/ajpregu.90842.2008.-Maternal obesity accentuates offspring obesity in dams bred to develop diet-induced obesity (DIO) on a 31% fat, high energy (HE) diet but has no effect on offspring of diet-resistant (DR) dams. Only DIO dams became obese on HE diet when they and DR dams were fed 5% fat chow or HE diets throughout gestation and lactation. Leptin sensitivity of dissociated arcuate (ARC) and ventromedial (VMN) hypothalamic nucleus neurons from the 3-to 4-wk-old offspring was assessed using fura-2 calcium imaging to monitor leptin-induced changes in intracellular calcium ([Ca 2ϩ ]i) as an index of neuronal activity. At 0.1, 1, 10 fmol/l leptin, ϳ4 times more VMN and ARC neurons were excited than inhibited by leptin. In the VMN, leptin excited up to 41% fewer neurons, and these excited neurons were less sensitive to increasing doses of leptin in DIO compared with DR offspring. Also, maternal HE diet intake decreased the percentage of leptin-excited VMN neurons in both DIO and DR offspring and decreased the percentage of leptin-inhibited VMN neurons by 36% only in DIO offspring. In the ARC, there were no genotype or maternal diet effects on the percentage of ARC neurons excited by leptin. However, those DR neurons that were leptin excited were more sensitive to leptin than were those from DIO offspring. These data suggest that reduced responsiveness of DIO VMN neurons to leptin's excitatory effects may be an important contributing factor to the reduced anorectic and thermogenic leptin responsiveness of DIO rats in vivo. body weight; neuropeptide Y; Agouti-related peptide; development EPIDEMIOLOGICAL STUDIES IN human beings suggest that maternal obesity is associated with a higher risk of obesity in offspring (2, 3, 33) . Because such studies rarely provide clues regarding the underlying factors promoting offspring obesity, we have used a rat model in which rats are selectively bred to produce polygenically inherited diet-induced obesity (DIO) or diet-resistance (DR) when fed a high-energy (HE), 31% fat diet (21, 24) to identify factors that promote obesity in offspring of obese mothers. Our prior studies showed that maternal obesity in DIO dams throughout gestation and lactation selectively promotes increased obesity in their adult offspring (27). On the other hand, offspring of DR dams do not become more obese as adults, even when their dams are fed a highly palatable diet to make them obese. Furthermore, the increased obesity in offspring of obese DIO dams is associated with abnormal development of central monoamine pathways involved in regulation of energy homeostasis (18). Therefore, the combination of genetic background, maternal diet, and obesity has differential effects on offspring obesity and the development of neural pathways, which play an important role in the regulation of energy homeostasis.
EPIDEMIOLOGICAL STUDIES IN human beings suggest that maternal obesity is associated with a higher risk of obesity in offspring (2, 3, 33) . Because such studies rarely provide clues regarding the underlying factors promoting offspring obesity, we have used a rat model in which rats are selectively bred to produce polygenically inherited diet-induced obesity (DIO) or diet-resistance (DR) when fed a high-energy (HE), 31% fat diet (21, 24) to identify factors that promote obesity in offspring of obese mothers. Our prior studies showed that maternal obesity in DIO dams throughout gestation and lactation selectively promotes increased obesity in their adult offspring (27) . On the other hand, offspring of DR dams do not become more obese as adults, even when their dams are fed a highly palatable diet to make them obese. Furthermore, the increased obesity in offspring of obese DIO dams is associated with abnormal development of central monoamine pathways involved in regulation of energy homeostasis (18) . Therefore, the combination of genetic background, maternal diet, and obesity has differential effects on offspring obesity and the development of neural pathways, which play an important role in the regulation of energy homeostasis.
An important feature of selectively bred DIO rats is their reduced sensitivity to the anorectic (19, 22) , thermogenic (12) , and neurotrophic (4) effects of leptin, which precedes the development of obesity. These behavioral and physiological findings are accompanied by decreased leptin receptor mRNA expression, leptin receptor binding and downstream signaling in hypothalamic arcuate (ARC) and ventromedial (VMN) nuclei (4, 14, 22, 25) . Given the importance of leptin as a regulator of energy homeostasis acting in both these nuclei (7, 30) , it is likely that an inborn reduction in leptin sensitivity is a major contributing factor to the development of obesity when the fat and caloric density of their diet are increased. However, neither baseline sensitivity to leptin nor the effect of maternal diet, obesity, or genetic background on this sensitivity has ever been studied at the level of the individual neuron in these areas. Therefore, we undertook the current studies to assess the leptin sensitivity of individual dissociated ARC and VMN neurons of offspring of DIO and DR dams fed chow or HE diet throughout gestation and lactation.
Assessment of leptin sensitivity of individual hypothalamic neurons was carried out using calcium imaging to assess leptininduced alterations in intracellular calcium ([Ca 2ϩ ] i ) oscillations as an index of neuronal activity (8, 16, 17) . We previously used this method to demonstrate that the ARC and VMN contain populations of neurons, which are excited (LepE), inhibited (LepI), or exhibit a bimodal response to increasing concentrations of leptin (15) . Our hypothesis was that DIO ARC and VMN neurons would have reduced sensitivity to leptin and that maternal obesity would further impair this sensitivity in DIO offspring and that maternal intake of HE diet would also alter the sensitivity of these neurons to leptin. We found that a complex interaction among genotype, maternal diet, and obesity led to alterations in the proportions of LepE vs. LepI neurons, which occurred predominantly in the VMN, with a lesser effect in the ARC. In addition, we found that ARC neurons from DIO rats expressed more NPY mRNA than did those from DR rats and that offspring of dams fed the HE diet expressed less Agouti-related peptide (AgRP) mRNA expression compared with offspring of dams fed chow.
METHODS

Dams and breeding.
Animal usage was in compliance with and approved by the Animal Care and Use Committee of the East Orange Veterans Administration Medical Center and the guidelines of the American Physiological Society (1). All breeding pairs were derived from our in-house colonies of rats bred selectively for their propensity to develop DIO or DR (21) . All rats were housed at 23-24°C on 12:12-h light-dark cycle (light off at 1800) with food (Purina rat chow #5001) and water available ad libitum. Dams were housed in cages in which the food was placed in bins in the wire cage tops to limit access to food to the 2-3-wk old pups. One month prior to breeding DIO and DR dams were divided into four groups: 1) DR chow (n ϭ 8) were fed Purina rat chow ad libitum which contains 3.30 kcal/g with 23.4% as protein, 4.5% as fat and 72.1% as carbohydrate (29) ; 2) DR HE diet (n ϭ 6) were fed HE diet (no. C11024F; Research Diets, New Brunswick, NJ), which contains 4.47 kcal/g with 21% of the metabolizable energy as protein, 31% as fat, and 48% as carbohydrate, 50% of which is sucrose (29) . 3) DIO chow (n ϭ 8) were fed Purina rat chow; and 4) DIO HE diet (n ϭ 6) were fed HE diet. After 1 mo on their respective diets, DR HE and DIO HE dams underwent tail bleeding to obtain plasma glucose, insulin, and leptin levels. Because we have previously shown that DIO rats do not develop obesity until the caloric density and fat content of their diet are increased, we took blood samples only from dams fed an HE diet (18) . All dams were then mated with males of the same genotype and were kept on their respective diets throughout gestation and weaning. A second blood sample was drawn on the 2nd wk of gestation for all dams on the HE diet. At birth, all litters were adjusted to 10 pups (5 male: 5 female). The final blood drawing was carried out in DR and DIO HE dams at 2 wk into the lactation period.
Plasma glucose, leptin, and insulin levels. Glucose was analyzed by automated glucose oxidase method (Beckman Coulter, Fullerton, CA). Insulin and leptin levels were analyzed by RIA (Linco, St. Charles, MO) using antibodies to authentic rat insulin and leptin, respectively.
Pups and diet manipulations. At 3 wk of age, all male pups were weaned to the diet groups of their respective dams. After 2-3 days on their respective diets, 1 male pup/dam was used to assess effects of increasing concentrations of leptin on VMN and ARC neurons. Pups might also have access to food crumbs of food dropped by their dams so, although we refer to the effects of "maternal diet" below, it is likely that pups did have some intake of the same diets as their dams for a week or so prior to being studied.
Measurement of leptin-induced intracellular Ca 2ϩ concentration responses in dissociated VMN and ARC neurons. Single VMN and ARC neurons were prepared as described previously (15, 17) , and leptin-responsive neurons were classified as described previously (15) . Briefly, all experiments began with neurons held at 2.5 mM glucose, since we have previously shown that the responses to leptin are independent of ambient glucose levels between 0.5 and 2.5 mM (15), and 2.5 mM is equivalent to brain levels in the postprandial state (36) . Neurons were next exposed to sequential addition of 0.1, 1, and 10 fmol/l. of leptin and were observed for ϳ10 min after addition. Significant changes in intracellular calcium ([Ca 2ϩ ]i) fluctuations were determined by first calculating the integrated area under the curve (AUC) for every 10-min period for a given concentration of leptin or glucose using Origin 7.0 software (OriginLab) (15, 17) . The neurons were then classified as leptin excited (LepE; Fig. 1A ), leptin inhibited (LepI; Fig. 1B ), or leptin unresponsive. LepE neurons were defined as those which increased their AUC for [Ca 2ϩ ]i oscillations by Ͼ30% of baseline levels at 2.5 mM glucose. LepI neurons decreased their AUC for [Ca 2ϩ ]i oscillations after the addition of leptin by Ͼ30% of baseline levels. Neurons not meeting the minimal AUC criteria (30% increase or decrease) were classified as leptin-unresponsive neurons (15) .
Quantitative PCR methods. After completion of calcium imaging recordings, coverslips were gently rinsed in 2.5 mM glucose solution, and cells were harvested by adding lysis buffer (MagMax -96; Ambion, Austin, TX). Quantitation of mRNA was carried out by quantitative PCR as previously described (22) using GenBank. Primers and their sequence-specific 6-carboxyfluorescein-labeled probes were prepared by Applied Biosystems (Foster City, CA), as described previously (12) . Results were calculated relative to cyclophilin mRNA levels as the constitutive gene standard in each sample.
Statistical analysis. Comparisons of body weight, plasma hormones, and glucose for the dams were carried out by two-way ANOVA (genotype, diet). In offspring, the % LepE, % LepI neurons, % change AUC (an index of leptin sensitivity) and mRNA expression levels were compared by two-way ANOVA (genotype, maternal diet). When significant differences were found by two-way ANOVA, further comparisons were made by one-way ANOVA with post hoc Bonferroni corrections (P Յ 0.05). All data are expressed as means Ϯ SE.
RESULTS
Dam body weight gain and plasma hormone levels. As we have previously shown (11) , DIO dams were heavier than DR dams before they were put on HE diet. After 1 mo on HE diet, DIO dams gained 367% more weight, had 126% higher plasma leptin and 258% higher insulin levels than DR dams (Table 1) . At 2 wk of gestation, DIO dams gained comparable amount of weight, had 84% higher plasma leptin and 201% higher insulin levels than DR dams. Two weeks after delivery, DIO dams lost 190% more body weight than DR rats. However, DIO dams remained significantly heavier and had 125% higher plasma leptin but not insulin levels than DR rats. Glucose levels did not differ significantly between the two groups during gestation or lactation (Table 1) .
Differences in leptin-induced changes in [Ca 2ϩ ] i oscillations in VMN neurons of 3-to 4-wk-old DIO vs. DR offspring.
Of 1,412 VMN neurons assessed in offspring of DR and DIO dams fed chow or HE diet during gestation and weaning, almost four times as many neurons were excited (30%; Fig. 2A ) as inhibited (8%; Fig. 2B ), irrespective of the offspring genotype. However, there were significant effects of both genotype and maternal diet on the percent of VMN neurons, which were excited by leptin ( Fig. 2A) . DIO offspring had fewer total LepE neurons, regardless of their maternal diet (19% on chow, 41% on HE diet) than did DR offspring [F(1,21) ϭ 6.83; P ϭ 0.02]. Also, offspring of dams fed HE diet had fewer (33% for DR, 51% for DIO) LepE neurons than did offspring of chow-fed dams [F(1,21) ϭ 17.7; P ϭ 0.001]. There was also a genotype ϫ maternal diet interaction effect. When the total cumulative percentage of neurons excited by leptin across all three doses was compared ( Fig. 2A) (Fig. 2C) . Overall, VMN LepE neurons from DIO offspring were less sensitive to leptin than were those from DR offspring. This genotype effect was mainly due to the reduced sensitivity of DIO LepE neurons to leptin at the 1 fM dose. On the other hand, maternal intake of HE diet was associated with an unexpected increase in leptin sensitivity in LepE neurons. This was first seen at the 1 fM dose, whereas, at the highest dose of leptin (10 fM), leptin sensitivity for all groups was similar except for offspring of DR dams on HE diet, which had significantly (P ϭ 0.01) increased leptin sensitivity (Fig. 2C) . Whereas leptin excited fewer VMN neurons in DIO rats, it inhibited more VMN neurons in DIO than DR rats [F(1,19) ϭ 53.5; P ϭ 0.00]. There was also a maternal diet effect [F(1,19) ϭ 8; P ϭ 0.01], which was predominantly seen in DIO rats where leptin inhibited 180% more VMN neurons in DIO offspring of chow-fed dams and 50% more neurons in offspring of DIO dams fed an HE diet compared with respective DR offspring (Fig. 2B ). This selective effect of HE diet on DIO offspring was most likely due to maternal obesity since only DIO dams fed an HE diet became obese. Unlike the effects on LepE neurons, there was no dose-related decrease in [Ca 2ϩ ] i AUC fluctuations across the three concentrations of leptin for LepI neurons, and there were no intergroup genotype or maternal diet effects for sensitivity to leptin inhibition (Fig.  2D) . In summary, given the 4:1 preponderance of LepE:LepI neurons in the VMN, the major differences in leptin's effects were reflected in a large reduction in the number and sensitivity of neurons excited by leptin in DIO offspring. This reduced sensitivity in DIO rats was partially offset by the fact that maternal intake of HE diet made VMN neurons slightly more sensitive to the excitatory effects of leptin, but only at a single dose.
Differences in leptin-induced changes in [Ca 2ϩ ] i oscillations in ARC neurons of 3-to 4-wk-old DIO vs. DR offspring.
Similar to the VMN, more than four times as many of 1,926 ARC neurons assessed were excited (22%; Fig. 3A ) as inhibited (5%; Fig. 3B ) by leptin, regardless of genotype or maternal diet. As opposed to the VMN, there were no significant dose-related differences by genotype or maternal diet in the percent of neurons excited by leptin in the ARC (Fig. 3A) ] i AUC fluctuations (Fig. 3C) . Overall, neurons of DR offspring were more sensitive to leptin's excitatory effects than were those from DIO offspring. Leptin caused a dose-related increase in [Ca 2ϩ ] i AUC fluctuations across three concentrations of leptin in all neurons except those from DR offspring of chow-fed dams (Fig. 3C) . Despite their lack of a dose-response curve, neurons from these DR offspring were the most sensitive to leptin at the lowest doses used here. Thus, it is possible that they would have demonstrated a dose-responsiveness had lower leptin doses been used. Similar to VMN LepE neurons, maternal intake of HE diet increased the sensitivity to the excitatory effects of leptin selectively in DR offspring neurons (Fig. 3C ).
There was a significant effect of maternal diet but not genotype on ARC LepI neurons. Offspring of dams fed HE diet Values are presented as means Ϯ SE. Diet-resistant dams (DR) and dietinduced obesity (DIO) dams were fed high-energy (HE) diet (n ϭ 6/group) for 1 mo before breeding and continued on HE diet during gestation and lactation. Body weight gain represents the changes in body weight during 1 mo on HE diet, the first 2 wk of gestation, and from gestation to second week of lactation, respectively. *P Ͻ 0.05 when data from DIO dams were compared to that of DR dams.
had greater (50% for DR, 100% for DIO) total percentage of LepI neurons (Fig. 3B ) than chow-fed offspring [F(1,15) ϭ 34.5; P ϭ 0.001].While maternal intake of HE diet was associated with an increase in the percentage of total neurons inhibited by leptin in the ARC (Fig. 3B) , maternal intake of HE diet actually led to decreased leptin sensitivity ([Ca 2ϩ ] i AUC fluctuations) in individual neurons of offspring (Fig. 3D) [F(1,8) ϭ 7.1; P ϭ 0.03]. Thus, the effects of maternal intake of an HE diet tended to counteract each other by increasing the percentage of ARC neurons inhibited by leptin but decreasing the sensitivity of these neurons to the inhibitory effects of leptin. This may well account for the only modest overall differences between ARC LepE neurons from DIO vs. DR offspring.
ARC neuropeptide and receptor mRNA expression in 3-to 4-wk-old offspring. By two-way ANOVA, there was a main genotype, but no diet effect on NPY expression in dissociated ARC neurons by which neurons from DIO offspring expressed 70 -75% more NPY mRNA than did those from DR offspring ( Table 2) [F(1,14) ϭ 8.81; P ϭ 0.01]. On the other hand, there was a main diet effect for AgRP. Offspring of dams fed an HE diet had 40% (DR) and 17% (DIO) less AgRP mRNA expression compared with offspring of dams fed chow (Table 2) [F(1,14) ϭ 4.96; P ϭ 0.04].
DISCUSSION
We previously showed that, prior to the onset of obesity, selectively bred DIO rats are less sensitive to the anorectic and thermogenic effects of leptin (12, 22, 25) and that they also have reduced Lepr-b mRNA expression, leptin-induced pSTAT3 expression, and leptin binding in both the VMN and ARC (4, 14, 22, 25) . The current studies extend these previous ones by showing that 3-to 4-wk-old DIO rats have fewer VMN neurons that are excited by leptin and that these neurons are also less sensitive to the excitatory effects of leptin than are those from DR rats. On the other hand, leptin inhibited a higher percentage of VMN neurons in DIO than DR rats. However, since ϳ75% of leptin-responsive neurons in the VMN were LepE in type, it is likely that the previously demonstrated reduction in leptin signaling and sensitivity in the VMN of DIO rats (4, 12, 14, 22, 25) is a reflection of the reduced sensitivity of their LepE neurons.
The differences in leptin responsiveness between ARC neurons from DIO and DR rats were much more modest than were those in the VMN and were reflected primarily as a small reduction in sensitivity to the excitatory effects of leptin in DIO vs. DR ARC neurons. In the ARC, proopiomelanocortin (POMC) neurons are excited by leptin (6) via a phosphoinositide 3 kinase-dependent (13, 39) , AMP kinase-independent (5) mechanism. Although we did not phenotype the ARC neurons tested here, the fact that DIO ARC LepE neurons were less sensitive to leptin suggests that these rats would have a reduced activation of their catabolic POMC neurons as one cause of their propensity to become obese on high-fat diets. On the other hand, although leptin either inhibits (31, 34, 39) or has no effect (5) on the activity of ARC NPY/AgRP neurons, the acute effects of leptin on these neurons may not participate in the increased responsiveness of DIO rats to obesity on HE diets since the sensitivity of their LepI neurons was comparable to those of DR rats. However, the fact that DIO rats had higher levels of ARC NPY mRNA expression does suggest that these neurons are, in fact, less sensitive to the inhibitory effects of leptin on NPY transcription, a process that is not necessarily linked to neuronal activity. Although our results suggest that there are no major differences in the leptin responses in the overall population of ARC neurons, it is still possible that there might be a specific reduction in leptin responsiveness in one or more of the neuronal subtypes in this critical nucleus.
As opposed to the ARC, little is known about the phenotypes of VMN neurons that respond to leptin other than the fact that, at supraphysiological concentrations of glucose, leptin activates neurons expressing steroidogenic factor-1 (SF-1) (7). Although the neuropeptide and transmitter phenotypes of SF-1 neurons are unknown, these neurons are important mediators of leptin signaling since selective deletion of Lepr-b in them decreases (7), while deletion of suppressor of cytokine signaling 3 increases leptin signaling and obesity resistance in mice (40) . Also, whereas an association with leptin has not been examined, there are a large number of glutamatergic neurons in the VMN that selectively excite catabolic ARC POMC neurons (37) . Thus, if these VMN glutamatergic neurons are LepE in type, it might explain why DIO rats, with their smaller complement of VMN LepE neurons, overeat for several weeks and become obese when first exposed to HE diet (25) .
Diet composition is an important determinant of both the development of obesity and central leptin sensitivity. Intake of high-fat diets leads to central leptin resistance, but usually after the animals have developed obesity (9, 10, 32) . In addition, maternal intake of HE diet has a major impact on the propensity of DIO offspring to become obese as adults (12) . Intake of Values are expressed as means Ϯ SE for ratios of the mRNA of interest relative to cyclophilin mRNA. Parameters with different superscripts differ from each other by P Ͻ 0.05 by Bonferroni post hoc test after intergroup differences were found by one-way ANOVA; n ϭ 5 per group. HE diet during gestation and lactation causes DIO but not DR dams to become obese and their adult offspring become more obese than all other groups when fed either chow or HE diet from weaning (18, 27) . Part of this effect is due to the postnatal exposure to an "obesogenic" environment since offspring of lean DR dams cross fostered to obese DIO dams eating HE diet develop diet-induced obesity as adults and have reduced VMN Lepr-b expression (11) . On the other hand, the inherently reduced Lepr-b expression of lean DIO rats (22, 25) is further reduced in their VMN when they are cross-fostered to obese DIO dams at birth (11) . Most of the maternal dietary effects on VMN and ARC neuronal leptin sensitivity seen in the current studies were probably due to maternal intake. However, despite the fact that food was placed overhead in the cages, pups could have had significant access to the maternal diets by crumbs left over from maternal ingestion. Thus, it is possible that such exposure might have had effects independent of their exposure to maternal milk. Whatever the origin, because intake of a high-fat diet reduces central leptin signaling (9, 22, 25, 38) , we expected that maternal intake of an HE diet would similarly reduce the sensitivity of individual hypothalamic neurons to leptin. In fact, there were fewer VMN LepE neurons in both DIO and DR offspring of dams fed an HE diet, but this reduction was more marked in DIO offspring. Although this was somewhat offset by a small increase in leptin sensitivity of VMN LepE neurons in offspring of dams fed an HE diet, the predominant effect was a decrease in the overall percentage of neurons responding to the excitatory effects of leptin, especially in DIO offspring. This suggests that maternal intake of an HE diet, especially when combined with the maternal obesity of DIO dams, can reduce leptin signaling of offspring in a large proportion of leptin-responsive VMN neurons. Given the reduced anorectic and thermogenic effects of leptin in DIO rats (12, 20, 23) , our data support an important role for VMN LepE neurons in the control of energy homeostasis.
Perspectives and Significance
As with many types of obesity in rodents and humans, the DIO rat has reduced sensitivity to the anorectic and thermogenic effects of leptin (4, 12, 14, 20, 23, 26) . Depending upon the age, perinatal environment, and brain area assessed, this resistance antedates the development of obesity in the DIO rats and is largely due to a primary reduction in the number of leptin receptors available for binding leptin at the cell surface in the ARC and VMN neurons (14) . Here, we delve into the neuronal sensitivity of ARC and VMN neurons to leptin in DIO and DR rats as a function of maternal diet and obesity. Interestingly, the reduced in vivo sensitivity of DIO rats to leptin is paralleled by a reduction primarily in both the number and sensitivity of VMN in DIO rats. Leptin-excited neurons make up ϳ75% of the leptin-responsive neurons in both the VMN and ARC. Since the much less numerous leptin-inhibited neurons in these areas were, if anything, more sensitive to the leptin in DIO rats, it is likely that a major cause of reduced leptin sensitivity in DIO rats is the decreased responsiveness of their leptin-excited hypothalamic neurons.
In addition to this genotype effect, maternal intake of an HE diet was associated with a reduced number of VMN neurons, which were excited by leptin, and this effect was most marked in DIO offspring. This is in keeping with our previous studies, in which HE diet produced obesity only in DIO dams, and only the offspring of these obese DIO dams became more obese as adults, even when fed only a low-fat diet from weaning (28). Thus, the interaction of an obese genotype and an "obesogenic" maternal environment has a combined, adverse effect on leptin sensitivity at the level of individual VMN neurons. The fact that the most consistent effects of genotype and diet were on VMN rather than ARC neurons reinforces the importance of the VMN as a major effect of leptin's regulatory role in energy homeostasis (7) . Perhaps the most important message of the current studies is that leptin resistance in DIO rats and the adverse effects of maternal HE diet and obesity on leptin signaling do not equally affect all ARC and VMN neurons. Such diversity might explain the selective leptin resistance seen in obese animals with regard to energy homeostasis vs. cardiovascular control (35) .
